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Mass extinctionWe are very pleased with the attention, long overdue, that the
Triassic–Jurassic boundary and associated events, such as the CAMP,
are receiving. This can only lead to greater speciﬁcity of hypotheses
and greater understanding in the long run, and it is worth empha-
sizing some broad areas of agreement.
Marzoli et al. (2008-this volume) points out the closeness in time
of CAMP and Tr–J extinctions, and on this we all agree. We also agree
that the systematic differences among different isotopic systems used
for dating is a challenge to determining the relative timing of events
dated with different techniques. This problem, however, seem to be
fading as high-precision single-crystal U–Pb dates (206Pb/238U) are
available from a variety of tuffs interbedded with marine strata as
well as the NorthMountain Basalt of Nova Scotia, which lies above the
palynological Triassic–Jurassic extinction event in Nova Scotia.
Schoene et al. (2006) obtained an age of 201.27±0.03 Ma from this
basalt, which is very close to an age of 201.5Ma for a tuff 1m above the
last local occurrence of the topmost Triassic guide-fossil, the am-
monite Choristoceras in a marine section in Peru (Schaltegger et al.,
2007), presumably very close to the Triassic–Jurassic extinction event.
Schaltegger et al. (2007) also obtained an age of 199.5 Ma for theDOI of original article: 10.1016/j.palaeo.2005.11.039.
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doi:10.1016/j.palaeo.2008.02.010Hettangian–Sinemurian boundary from the latter section. Consistent
with these ages, Pálfy and Mundil (2006) obtained ages of 200.6±
0.3 Ma for an ash layer in ammonite-bearing Middle Hettangian
marine sediments in, Alaska, and 198.0±0.6 Ma for a tuff layer in Early
Sinemurian sediments in Hungary. These dates are not compatible
with the multi-crystal age for the Triassic–Jurassic boundary of 199.6±
0.3 Ma of Pálfy and Mundil (2006), a fact recognized by Pálfy and
Mundil (2006). Thus, we are in complete agreement that the Triassic–
Jurassic extinction event is extremely close in time to the onset of the
CAMP. The question is, “are any of the known ﬂows of the CAMP
actually at or before this extinction event?”. That is the key issue dealt
with byWhiteside et al. (2007), and it is a possibility that we recognize
as completely plausible, but not yet demonstrated.
It is in that spirit of general agreement thatwe reply toMarzoli et al.'s,
comment. We note, however, that their comment touches on far too
many points to adequately address in this reply, and we chose to focus
our response on their most substantive issues, recalling that our paper
was focusing on the testable aspects of their overall hypothesis. We deal
with their criticisms in the order they present them.
1. Magnetostratigraphy
The key evidence reiterated by Marzoli et al. (2008-this volume) to
argue that CAMP activity started before andmay thus have contributed to
the end-Triassic extinctions are the observations of sampleswith opposite
(reverse) polarity in basalts of the Central High Atlas (CHA): 1) byMarzoli
et al. (2004) in the Tiourjdal section of a “brief reversal” in a “localized
interlayered limestone bed interstratiﬁed in the … 260-m-thick basaltic
pile”; and 2) by Knight et al. (2004) in the Oued Lahr section of another
reverse direction in a single pillow lava at a different relative horizon.
There are three problems with their interpretations of these reverse
intervals.
First, Marzoli et al. (2008-this volume) state that their “one single
or two distinct” intervals in Morocco are most easily correlated to
latest Triassic Chron E23r of the Newark basin (Kent and Olsen, 1999)
and polarity intervals SA5n.3r and SA5r of the St. Audrie's Bay section
(Hounslow et al., 2004), rather than with the early Jurassic polarity
reversals in the Paris basin Montcornet core (Yang et al., 1996). We fail
to understand this logic because their argument violates the principle
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A5n.3r and SA5r and one or two brief reversals in Morocco.
Second, of the 60 polarity chrons found in the 5000-m-thick 30-My-
longNewark succession, Chron E23r, which occurs only 20 ky before the
(palynologically-deﬁned) Triassic–Jurassic boundary, is the shortest
(~10 ky) chron according to cycle stratigraphy (Kent and Olsen, 1999).
This brevity of Chron C23r would make it generally difﬁcult to ﬁnd,
especially in a relatively small series of lava ﬂows that represent a small
number of instantaneous readings of the paleoﬁeldwith the recorder off
the vastmajorityof the time.Moreover, the estimateddurationof E23r is
so short that it virtually precludes the possibility that it might consist of
two separate polarity intervals, since it takes several thousand years for
the geomagnetic ﬁeld to reverse polarity (Clement, 2004).
Third, although we can conﬁrm what Marzoli et al. (2008-this
volume) inferred from results reported in abstract, that the ﬁrst
polarity reversals detected in the Early Jurassic section of the Hartford
basin occur more than 1.6 My after the Triassic–Jurassic boundary
(Kent and Olsen, in press), and reversals have not yet been found in the
CAMP extrusive zones of any of the Newark Supergroup basins of
eastern North America, this does not discount the presence of ﬁve thin
intervals with reverse paleomagnetic directions in Hettangian sedi-
ments – 3 in the basal,1 in themiddle, and 1 in the late Hettangian – in
the Montcornet core from the Paris Basin (Yang et al., 1996), which is
the most detailed magnetostratigraphic marine record for the Early
Jurassic. A short duration of 2–3 My for the Hettangian is indicated by
new single-crystal zircon U–Pb dates in biostratigraphically-con-
trolled marine deposits by Pálfy and Mundil (2006) and Schaltegger
et al. (2007). Therefore, compared to the astronomically-calibrated
geomagnetic polarity time scale from the Hartford basin (Kent and
Olsen, in press), which encompasses the ﬁrst 2.4 Myr of the Jurassic,
the three short reversals found in basal Hettangian marine sediments
in the Montcornet core (Yang et al., 1996) are likely to occur in close in
time to Chron E24n and plausibly during CAMP igneous activity.
Although these very short polarity intervals or excursions, if real, have
yet to be conﬁrmed in the CAMP extrusive zone in the Newark basins,
it may be that one (or two?!) of them have in fact been serendipitously
found in the CAMP lava sections from the Moroccan High Atlas region
by Marzoli et al. (2004) and Knight et al. (2004) and perhaps even in
the St. Audrie's Bay section of Hounslow et al. (2004). This alternative
strikes us as no less plausible and in fact more parsimonious than the
correlation(s) to Chron E23r suggested by Marzoli et al. (2004), but
our alternative interpretation has a very different implication with
regard to the relative timing of CAMP igneous activity and end-Triassic
extinctions.
2. Palynology
Marzoli et al. (2008-this volume) seems to be arguing that there is
signiﬁcant uncertainty in the identiﬁcation of the Triassic–Jurassic
boundary in the Fundy basin at Partridge Island. This seems an
odd point, given that the argument of Marzoli et al. (2004) hinges
on the assumption that Partridge Island sections in fact represents the
boundary. If it is not the boundary then the position of all of the basalts
relative to the Triassic–Jurassic boundary is unknown and their entire
argument would seem to be moot.
We again point out that this is the very same section described in
detail by Fowell and Traverse (1995) with many photographs. We
presented no photographs of specimens in our new samples because
our data conﬁrm that of Fowell and Traverse (1995), and in any casewe
are documenting an extinction event, not an appearance event, and the
taxawe argue indicate a Triassic age are not disputed: a photograph of
a taxon not present is not very useful. In addition, Cirrelli (pers. comm.,
2007) has stated that she was able to duplicate observations of Fowell
and Traverse (1995) and Whiteside et al. (2007) at this locality.
Marzoli et al. (2008-this volume) also claim that the new data we
presented from the Argana basin were undocumented but the taxapresent are uncontroversial, and photographs cannot document the
absence of Patinasporites in the uppermost sample. Marzoli et al.
(2004) do have the Triassic guide pollen taxon, Patinasporites, in their
uppermost levels in their sections from the Argana basin, but their
photographs of their sections show the rockss are obviously deformed
(Fig. 2 of the text and Fig. 1 of the supplemental material, of Marzoli
et al., 2004). This deformation leads us to argue that the uppermost
strata in their sections may be structurally omitted. In short, the
“plastic” deformation cited by Marzoli et al. (2008-this volume) as
evidence of a lack of a hiatus, is evidence to us of possible structural
omission. We also have data from other basins in Morocco in which
Patinasporites is present in the uppermost productive samples below
the basalts, but in all these cases there is a near-bedding-parallel fault
between the sediments and the basalt and the sections are likely not
complete. Indeed, in their sections, the absence of any metamorphic
aureole, which we ﬁnd is present in all of the intact sections, suggests
that there may be some structural omission of section. Nonetheless,
Marzoli et al. (2008-this volume) are correct in noting that there are
other reasons than extinction that Patinasporites may be absent from
the section, but at the same time there are also reasons, such as
reworking, for the presence of taxa above the level they actually went
extinct. We are talking about intervals that are centimeters thick in
sections several kilometers thick, and at some level surely reworking
very well might be problem. In any case it is a moot point, because
unless Patinasporites is found above the Argana basalt, which it has
not been, we do not know if the top of its range ended before the
basalt (our argument) or above it (their argument).
Marzoli et al. (2008-this volume) also make a point of noting that
uniquely Jurassic taxa are not known from the Nova Scotian or
Moroccan strata we interpret as Jurassic. It is important to recognize
that among the expectations of a catastrophic mass extinction is
that the initial post-extinction taxa would be survivors from earlier
times. Characteristically, as at the Permo-Triassic and the Cretaceous–
Tertiary boundary, guide fossils of the post-extinction time interval
do not generally appear until higher levels. Accordingly, asking for
uniquely Jurassic taxa, after the extinction event, is asking for a phe-
nomenon not expected of a catastrophic mass extinction, which is
presumably what Marzoli et al. (2008-this volume) is attempting to
explain by the CAMP eruptions in the ﬁrst place. The same basic
pattern of survivorship is seen at the Triassic–Jurassic transition in
Jameson Land in East Greenland in both palynology and especially
macroﬂora (Dam and Surlyk, 1993; McElwain Popa et al., 2007).
Biostratigraphic arguments of Kozur and Weems (2005) based on
conchostracans are cited by Marzoli et al. (2008-this volume) to argue
that what is identiﬁed palynologically as the Triassic–Jurassic
boundary may be within the Triassic, but they fail to spell out the
full implications. In fact, Kozur and Weems (2005) argue the dark
shale bed immediately below Chron E23r is Norian (!), consistent with
van Veen's (1995) notion that there is a large hiatus at the
palynological extinction level in the Newark basin. But if this is
correct, then Chron E23r that lies below the extinction level must be
Norian, and thus, if Marzoli's magnetostratigraphic correlations are
also correct, the Moroccan basalts, if we believe their short duration,
would be Norian and have nothing at all to do with the Triassic–
Jurassic boundary. However, Kozur and Weems (2005) also argue that
the strata between the oldest CAMP lavas in the Culpeper basin
correlate to the Upper Lilstock Formation in the St. Audrie's Section
which lies in the upper part of the “initial” isotopic excursion of
Hesselbo et al. (2002) which could be, depending on the decision of
where the GSSP for the boundary is placed, by deﬁnition, Jurassic or
latest Triassic (Rhaetian). If both correlations are true and the
Moroccan basalt reverse units correlate to Newark polarity zone
E23r, than the CAMP basalts would minimally span all of the Rhaetian,
agreeing with the biostratigraphic arguments of Lucas and Tanner
(2007). This would then imply the short duration of the CAMP is an
illusion and the 40Ar/39Ar ages are inaccurate (as opposed to simply
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anomalous and not consistent with any of Marzoli et al.'s arguments.
3. Cyclostratigraphy
Marzoli et al. (2008-this volume) question the validity of the
cyclostratigraphic arguments of our reﬁnement of the duration of the
CAMP. They provide no data to refute our hypothesis, however, and
provide only vague statements about possible incompleteness and
differences in accumulation rate. If there is something speciﬁcally
wrong with the cyclostratigraphy, it is their burden to say speciﬁcally
what it is. They do however, make a speciﬁc statement that we have
misidentiﬁed the stratigraphic position of the hydrobiid gastropod-
bearing unit near Sidi Rahhal. Some of us (PEO and MET) visited the
outcrops in question again in October, 2007, and can unambiguously
state that Marzoli et al. (2008-this volume) are incorrect in their
assertion that these snail-bearing carbonates belong to strata above
the CHA upper basalt unit, and we provide a photograph and
measured section to support our stratigraphy (Fig. 1). There is indeed
a carbonate bed directly above the upper basalt formation at this
locality. But beneath the underlying upper basalt formation is another,
thicker carbonate and red bed succession, in which the hydrobiid and
other mollusks occur, which is in turn underlain by a thick succession
of basalt with pillow horizons typical of the intermediate formation
and then by ﬂows with gabbroid layers, typical of the lower basalt
formation. The upper carbonate bed is overlain by a relatively thick
red bed unit overlain by a thin ﬂow of the recurrent formation (Fig. 1).
It is irrelevant that the sedimentary units are not laterally extensive;
the speciﬁc successions of beds are repeated between the same ﬂow
successions at many locations, with the sedimentary packagesFig. 1. Panoramic view looking west at 31° 36.026′ N and 007° 25.553′W (~6.5 km southeast
hydrobiid gastropods. Note that the basalt units and limestone and clastic interbeds are in u
hydrobiid gastropods come from units between the intermediate and upper CHA basalt units
variegated, beds of uppermost F6, though by us to contain the Triassic–Jurassic boundary; CHA
interval with hydrobiid gastropods (actual locality is at 31° 36.365′ N and 007° 26.029′Wat
road, road between Sidi Rahhal and the salina near Imiz Ar; Ls3, limestone unit directly abov
basalt; CHArb, Central High Atlas recurrent basalt unit; Uc, upper red unit with gypsum; F,thickening and thinning and vanishing on the irregular basalt
topography, still maintaining their distinctive stratigraphies, features
easily conﬁrmed in outcrop. We hypothesize that this regularity stems
from the control of climate upon the sedimentation regimes — you
cannot get a lacustrine carbonate unless there is enough water to
make a lake!
Marzoli et al. (2008-this volume) also assert without references or
evidence that, “… the sediment types and sedimentation rates are quite
different for example in Morocco, where lagoonal sedimentation dom-
inates…”. There is no convincing evidence that lagoonal sedimentation
was present, not to mention dominant, in western Morocco, where in
fact the accumulation rates are very similar to those in the exposed
Fundy basin (Olsen et al., 2003a). There are no documented marine
fossils at all in the strata in question, although there was an abundance
of evaporite environments, but for the strata we are discussing the
ultimate source of the saline water was likely non-marine based on
sulfur isotopes from the evaporates themselves (Atlas province: Holser
et al., 1988). The only documented invertebrate fossils that have been
found thus far are either exclusively non-marine forms, such as the
hydrobiids and conchostracans, or poorly preserved bivalves that could
belong to any number of non-marine or marine taxa.We recognize that
in eastern Morocco there are deﬁnitive marine carbonates interbedded
with CAMP basalts with a variety of typical marine mollusks and
echinoids, and in the Moroccan Atlantic province on the east, sulfur
isotopes suggest amixedmarine and continental source ofwater for the
evaporates (Holser et al., 1988), so it is possible that there were some
marine incursions, but these have yet to be documented. We conclude
that there is no evidence for lagoonal sedimentation andmuch evidence
against it in the Argana and CHA areas and are in fact nearly identical to
those in the Fundy basin in eastern North America.of Sidi Rahhal, Morocco) of Central High Atlas Basalt succession near locality producing
nquestionable, direct superposition in these outcrops, and show unequivocally that the
. Abbreviations are, from left to right: F6, Triassic age formation F6 of Mattis (1977); F6V,
bl+ I, Central High Atlas lower and intermediate basalt units; Ls2, limestone and red bed
the village of Ait Tamret)); CHAbu, Central High Atlas upper basalt unit; SR-IA, unpaved
e upper basalt unit; Ib, interbed of red clastics between upper basalt unit and recurrent
fault.
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Marzoli et al. (2008-this volume) state that the, “…geochemical
correlations proposed by Whiteside et al. (2007) [based in part on
Olsen et al., 2003b] are undermined by mistakes and misinterpreta-
tion of the published data.”, but the mistakes are not speciﬁed, and we
do not understand where they occur based on their comments. The
diagrams of Olsen et al. (2003b) show original data from Morocco
analyzed by Puffer (a coauthor of the 2003b paper) compared with
data of Aït Chayeb et al. (1998) and Bertrand (1991). The point of the
new data in the Olsen et al. (2003b) paperwas to showhow similar are
data from all of the new samples from all over Morocco, which lie on
or very near the HTQ trend as opposed to the HFQ trend (labeled
erroneously as LTQ trend) or to the groups 1 or 3. This includes
samples of both lower and upper ﬂow units in the Argana,
Kerrouchen, Bou Fekrane, Khemisset, and Iouawen basins. We fail to
see how this point is affected by whether or not they were plotted
with data of non-CAMP basalts, which were carefully labeled as
different and are not our data. In fact, when you plot the MgO and TiO2
Moroccan data presented here by Marzoli et al. (2008-this volume,
their Fig. 1) on our diagram, they lie directly on top of the Moroccan
datawe collected. In addition, Marzoli et al. (2008-this volume) do not
address the TiO2 to Zr plot on which all of the 2003b Moroccan basalt
data lie close to or on the HTQ trend. Again, these comments of
Marzoli et al. (2008-this volume) have no bearing on the pertinent
conclusion of Olsen et al. (2003b) that the Moroccan CAMP basalts are
HTQ and HFTQ basalts that are more similar to the Orange Mountain
and Hook Mountain basalts than any other in eastern North America
or basalts of other ages seen in Morocco. Of course all of this is also
irrelevant to our paper in discussion here.
Of great relevance, however, is the assertion that the CHA lower
basalt formation in Morocco has no counterpart in eastern North
America. On this point, we point out simply that based on any particular
set of comparative data, a subset of NorthMountain Basalt data, such as
those at Partridge Island, overlap the data from the CHA lower basalt
units of Morocco, as pointed out in Deenen et al. (2007a,b), whosemain
conclusion is that basalts of CHA lower unit chemistry are in fact
present in the North Mountain basalt, which shows up most strikingly
in cross plots of the rare earth elements. We do not show these data
here because they are dealt with in papers in progress by Deenen and
coworkers. We are bafﬂed, however by Marzoli et al.'s (2008-this
volume) Fig. 1 of MgO and TiO2 that they assert shows, “…the NorthMt.
basalts partially overlap in composition only the central High Atlas
intermediate or upper basalts, and not the lower basalts.” A cursory
glance at their ﬁgure does not support this contention, because while
data from the North Mountain Basalt (5 points) plots over the ﬁeld of
the upper basalt unit, no points unambiguously enter the ﬁeld of the
CHA intermediate basalt, which is what Marzoli et al. (2008-this
volume) say it most close resembles, while one North Mountain point
plots unambiguously in the CHA lower basalt ﬁeld. In our paper we
plotted the published North Mountain data on SiO2 vs TiO2 and SiO2 vs
La/Yb plots because thosewere the type used byMarzoli et al. (2004) to
argue that basalts of CHA lower unit chemistry were not present in
eastern North America, and we noted the fact that Marzoli et al. (2008-
this volume) never mentioned the existence of the North Mountain
data in their paper. We did make a typographical error in inverting the
labels for the CHA intermediate and upper basalt in our diagram,
although that has no effect on any conclusions, and we stand by our
reasoning that at least part of the North Mountain basalt is
indistinguishable from the CHA lower basalt unit chemistry, a point
supported by the independent conclusions of Deenen et al. (2007a,b).
We are also puzzled by the comments of Marzoli et al. (2008-this
volume) about our attempt to make explicit the consequences of their
hypothesis of correlation for where the carbon isotope excursions of
Hesselbo et al. (2002) and others should fall in the CAMP basalt
and associated strata. Hypotheses are most valuable when they areposed before the data exist, and that is what we did. Such an explicit
prediction of what will be found, a testable hypothesis is, rather
than being, “…not an acceptable approach…”, is in fact at the core
of scientiﬁc argument (Popper, 1934). We did this because neither
Marzoli et al. (2004) nor Knight et al. (2004) show how their argu-
ments lead to testable hypotheses. Of course, we do not and could not
use our hypothesis to support any argument.
All this said, we feel that it is entirely plausible that CAMP erup-
tions really did start before the biotic turnover, but such eruptions
have yet to be unambiguously identiﬁed. But it is worth pointing out
that correlation does not equal causation as illustrated by the K–T
debate, where the timing of the K–T impact is indisputably within the
time of eruption of the Deccan Traps, comparable in magnitude to the
CAMP. Yet the timing of the extinctions appears related to the impact,
rather than any part of the Deccan that could be predicted a priori. The
whole basalt argument could be a “red herring”, or perhaps the ﬂow of
causation is more complicated than the “either–or” arguments played
out here, involving two very catastrophic events instead of one. We
remain open to these possibilities.
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